Gauged flavor symmetries at low energies have been proposed in models of dynamical electroweak symmetry breaking and fermion mass generation. The massive flavor gauge bosons give rise to corrections to precisely measured electroweak quantities. We perform a fit to the collider electroweak data and place indirect limits on such new physics. In particular we study several models from the literature: universal coloron; chiral top color; chiral quark family symmetry; SU(9) and SU(12) chiral flavor symmetry. The 95% exclusion limits on the mass of the heavy gauge bosons for these models, at their critical coupling for chiral symmetry breaking, typically lie between 1-3 TeV. We discuss the robustness of these bounds with respect to changes in higgs mass, b-quark asymmetry data, the SLD left right asymmetry data, or additional new physics.
Introduction
The Standard Model (SM), in the limit where we neglect all gauge interactions and fermion masses, has a large SU(45) global symmetry corresponding to the fact that in this limit there are 45 chiral fermion fields that are indistinguishable. The gauge interactions of the SM are by necessity subgroups of this maximal symmetry, they are in particular the familiar SU(3) c × SU(2) L × U(1) Y gauge symmetry. There is no current theoretical understanding of why this particular subgroup is picked out to be gauged. Furthermore we have learned from the SM that gauge symmetries may be broken and not manifest at low energies. The possibility therefore exists that at high energies a larger subgroup of the SU(45) symmetry is gauged, and then broken by some dynamics or higgs mechanism to the SM gauge group.
These gauged flavor symmetries have been invoked in a number of scenarios to play a role in the dynamical generation of fermion masses. For example they may play the part of extended technicolor [1] interactions in technicolor models [2] or top condensation models [3] , feeding the electroweak symmetry (EWS) breaking fermion condensate down to provide masses for the lighter standard model fermions. Strongly interacting flavor gauge interactions may also be responsible for the condensation of the fermions directly involved in EWS breaking. For example, top condensation has been postulated to result from a topcolor gauge group [4] and, in the model of ref. [5] , from family gauge interactions. There has been renewed interest in these models recently with the realization that variants, in which the top mixes with singlet quarks, can give rise to both the EW scale and an acceptable top mass via a seesaw mass spectrum [6] . These top seesaw models have the added benefit of a decoupling limit which allows the presence of the singlet fields to be suppressed in precision EW measurements, bringing these dynamical models in line with the data. Flavor universal variants [7] with the dynamics driven by family or large flavor gauge symmetries have also been constructed.
The naive gauging of flavor symmetries at low scales (of order a few TeV) often gives rise to unacceptably large flavor changing neutral currents (FCNC) since gauge and mass eigenstates do not coincide (gauge symmetries that give rise to direct contributions to K 0 − K 0 mixing typically are constrained to lie above 500 TeV in mass scale). There are, though, many models that survive these constraints. Gauge groups that only act on the third family are less experimentally constrained -topcolor is such an example. Models in which the chiral flavor symmetries of the SM fermions are gauged preserving the SM U(3) 5 flavor symmetry [8] respect the GIM mechanism even above the breaking scale and do not give rise to tree level FCNCs [9] . There are also strong constraints on gauged flavor models where the dynamics responsible for the breaking of the flavor symmetry does not respect custodial isospin [10] . We shall restrict ourselves to models where the top mass is the sole source of custodial isospin breaking.
Since these interactions may exist at relatively low scales (a few TeV), where they do not completely decouple, and play an integral part in either EWS breaking or fermion mass generation, it is interesting to study the current experimental bounds. In this paper we will concentrate on the bounds from precision EW measurements [11] . We will constrain a number of models that have been proposed in this context: the universal coloron model [12] ; chiral top color [6] ; chiral quark family gauge symmetry [9, 5, 7] ; SU(9) chiral quark flavor symmetry [13, 7] ; and SU(12) chiral, flavor symmetry [13, 7] . Except in the last section, for simplicity the only fermions included in our analysis are the ordinary quarks and leptons. Therefore, as presented here the models will not be anomaly free. The models can be made anomaly free by the introduction of additional fermions that obtain masses at or above the gauge boson mass scale as a result of the flavor symmetry breaking sector. The SM fermions that are light below that scale survive because they are chiral under the remaining, unbroken gauge interactions -this is an example of Georgi's "extended survival hypothesis" [14] . For each of the gauge symmetries we study, an explicit example of an anomaly-free model exists in the literature in the references provided above.
The gauge bosons can enter into precision EW predictions either through corrections to the Z mass from isospin violating effects in top loops [15] and mixing with the Z [10], or as vertex corrections to the Z-fermion vertices [16] . We review the generic form of these corrections in Section 2. In Section 3 we describe our fit to the Z-pole data. In Section 4 we review each of the models under study and display the precision limits. To this point the limits are on the models with only the flavor gauge bosons as new physics. The contributions to the ρ parameter are a significant constraint and our limits correspond to the hard limit on ∆ρ (or αT ) of ≤ 0.1% [17] . The softer upper bound on ∆ρ often quoted of 0.4% [17] assumes the existence of extra new physics contributing to the S parameter [18] to maximize the possible value of ∆ρ. The flavorons do not contribute to S (at leading order) and so the harder limit is applicable here. In Section 5 we discuss the dependence of the limits on changes to the higgs mass. The limits are largely insensitive except in the case of models which give rise to large corrections to the ∆ρ/T parameter (in particular the coloron models) and prefer a heavy higgs in order to cancel that contribution. The bounds on these models decrease for higgs masses as large as 650 GeV which, without the flavorons, would be ruled out at 95% confidence in the SM. We also discuss the dependence of the limits on the b quark asymmetries which are the measurements with the most deviation from the SM predictions, and the SLD measurement of the left right asymmetry which provides one of the strongest constraints on the higgs mass.
It is important to remember the limitation of indirect constraints such as these; additional unanticipated new physics may exist that enters the fit and in principle may cancel all contributions from the gauge bosons, completely removing any bound (or equally the bound may be considerably toughened by extra new physics)! In practice such a conspiracy seems unlikely and the bounds we calculate provide a sensible guide to the exclusion limit. As an example of the possible effect of additional new physics, in Section 5 we also discuss the addition of vertex corrections from mixing between the SM fermions and singlet massive fermions such as occurs in the top [6] and flavor universal [7] see-saw models. Another possible source of S and T contributions are the scalar sectors of these models, which are potentially light. However, enumerating these scalars is model dependent and their masses are hard to estimate reliably so we do not attempt to include them. We expect the few TeV bound on the flavoron masses coming from our fit to hold even with such perturbations.
Flavoron Corrections to EW Parameters
The massive flavor gauge bosons (flavorons) under study give a number of corrections to low energy EW parameters. In this section we provide generic calculations of these effects. Flavorons acting on the SM fermions give rise to vertex corrections in the low energy SM. We assume that there are no massive fermions beyond those in the SM transforming under the flavor gauge groups as part of the same gauge multiplet as the SM fermions (an example would be techni-fermions). These would give rise to overly large corrections, as is well known from extended technicolor models [19] . The main corrections to Z vertices occur at order p 2 in the expansion of the penguin vertex correction in Fig 1. Hill and Zhang [16] have calculated the correction to the vertex to be
where g f is the coupling for the Z-fermion vertex, G is the appropriate group theory factor for the diagram, κ F = g [15] . The top bottom mass splitting provides the source of isospin breaking so there are contributions to ∆ρ (T ) even when the flavoron physics is isospin preserving.
The contribution to T is
where Π LL (m t , 0) and Π LL (m t , m t ) refer to the left-handed vacuum polarizations involving one top and one (massless) bottom quark, and two top quarks in the loop respectively, and they are evaluated at zero momentum transfer. Following [15] we will approximate the two loop diagram by a product of two one loop diagrams after the flavoron propagator has been contracted to a point interaction.
Allowing the flavoron to have different couplings to left and right handed top quarks we find
with G ′ LL and G ′ RR appropriate group theory factors for the model for the interaction between two left handed quarks and two right handed quarks respectively, and where we have evaluated the leading logarithm. The resulting contribution to T is There is a final possible source of contributions to the Z vertex corrections and the T parameter in models where a generator of the flavor group (we will call the associated gauge boson Z ′ ) mixes with hypercharge or T 3 of the weak SU(2) group [10] . If at the weak scale the Z Z ′ mass matrix takes the form
and if M 
and, diagonalizing the mass matrix so that the shift in the low energy Z mass is
gives a T parameter contribution
Clearly for these contributions to be small we require that the only sources of custodial isospin breaking occur at the weak scale so ∆M is of order v and not of order M F . The models we consider all respect custodial isospin at the flavor symmetry breaking scale.
These shifts in low energy SM parameters are the leading corrections. The shifts in the Z-fermion vertices will for example also give rise to S parameter contributions at loop level [22] but these are considerably smaller than the direct effects and we neglect them.
Fitting To Precision Data
To place bounds on the models we use primarily the Z pole precision observables from the LEP and SLD experiments plus the collider measurements of the W mass. We use the data and SM fit from [11] 
0.01683 ± 0.00096 0.73
80.41 ± 0.09 0.43 (10) where
The top quark, of course, does not contribute to any Z-pole variables at tree level.
This fit corresponds to a best fit higgs mass of m h = 76 GeV. Variation in the higgs mass enters the precision observables as contributions to the S and T parameters which are calculated in [20] . S is incorporated into the EW variables in (10) through [21] 
The T parameter enters as an effective shift in the calculated value of sin 2 θ w . The value of sin 2 θ w is extracted from the relation
from which it follows that T enters
Note that the Z pole variables are all ratios of couplings except for Γ Z , so only the latter is affected by shifts in the precursor e/s θw c θw of the Z fermion couplings.
With the limited set of precision variables we consider, we find a 95% confidence limit upper bound of 230 GeV (120 GeV at 67%) on the higgs mass in the SM, which agrees well with the full fit of [11] . This limit is, of course, very sensitive to small changes in the measured parameters because the higgs mass enters precision measurements only logarithmically. Our interest, though, is on the limits on the flavoron masses which enter quadratically in the corrections. Restricting ourselves to collider measurements alone will not have a significant impact on the bounds we find for the flavorons. We take a higgs mass of 100 GeV as our standard in the fits of section 4. In Section 5 we show that the bounds are largely insensitive to changes in the higgs mass.
The flavoron models affect the low energy predictions through the Z-fermion coupling shifts described in Section 2. The leading order shifts as a function of the model parameters κ and M F are calculable from the tree level expressions in (10) for the electroweak observables. The models also give rise to shifts in the ∆ρ (T ) parameter which we include as effective shifts in s 2 θw as in (14) We include one non-Z-pole measurement in our fit, the lattice determination of α s [17] α lattice s (M Z ) = 0.117 ± 0.003 (15) This constraint is important for our fit since the vertex corrections in some of our models (in particular the universal coloron model) mimic a shift in α s (M Z ). Fitting to the lattice data ensures we do not produce an unacceptable value for Λ QCD . The value of α s (M Z ) is, by these standards, imprecisely determined and therefore we include possible variation in the input parameter α s (M Z ) through δα s , a parameter which we will include in the fit. We include the effect δα s on electroweak measurements by modifying the quark copulings
We perform the fit as follows. For a given model and choice of M F and m h we have predictions for the shifts in the SM quantities in (10) as a function of κ F and δα s . We calculate χ 2 and place a limit on κ F by finding the 95% confidence value of χ 2 allowing δα s to take a value that minimizes κ F . The number of degrees of freedom is 14 -the number of fitted variables (16) minus 2 for the 2 fitted quantities.
Models and Limits
We present five models as examples of flavoron physics and give their limits from the EW precision fit.
Universal Coloron
The universal coloron model [12] at high energies has the gauge symmetry of the SM with regards the SM fermions but, in addition, an extra SU(3) gauge group acting on a new fermion or scalar sector. That new sector also transforms under the proto-color group. It is assumed that dynamics occurring in the new sector makes all the additional matter massive and induces a vev (V ) for an effective higgs in the (3,3) of the proto-color group and the additional SU(3). The two sets of SU(3) gauge bosons mix through the mass matrix
which is familiar and diagonalize to
1 The leading order QCD correction to the hadronic branching ratios are
where
Here the G µ are the gauge bosons of the unbroken SU(3), which we identify with QCD, and there is a massive color octet of gauge bosons (X µ ) that also couples to the SM quarks.
The low energy QCD coupling, with the standard generator normalization is given by
Note that this condition implies a minimum value for κ F = g 2 F /4π ≥ α s in order to obtain the physical color coupling. We take α s (2 TeV) ≃ 0.09.
The extra massive octet with mass
If we assume that at low energies the massive gauge bosons may be approximated by a NJL model four fermion interaction
then the critical coupling 2 for chiral symmetry breaking in that approximation is
We may now calculate the corrections the model produces to the low energy SM predictions. The universal coloron produces a universal shift to the Z couplings of all the quarks, from (1),
The correction to the coupling of the top quark would have to reflect the large top mass but the top does not enter into Z pole observables. The contribution to the T parameter in the model is (5)
2 Note that, defining the theory in terms of a momentum-space cutoff Λ, a four fermion interaction Gψψψψ has a critical coupling G c = 2π
2 /Λ 2 [23] . The smaller value of cot θ crit given in [25, 24] results from using the large-N approximation and ignoring the running in
The model has no Z ′ to mix with the Z. Performing a fit to the Z-pole data as described in Section 3 produces the 95% exclusion curve shown in Fig 4. When the coupling is critical the massive octet must lie above 3 TeV in mass. In Fig 4 we also display the precision bound reported in [24] ; that bound comes from the weak ρ parameter constraint ∆ρ ≤ 0.4% which assumes the existence of new physics in the S parameter. As there are no large contributions to the S parameter, we derive a stronger bound. These constraints should be compared to the best current experimental limits from collider jet production [24] also shown in Fig 4 - the direct search limits are stronger than the precision measurement constraint. [24] is the precision bound from ref. [24] . The D0 curve is the current 95% confidence level experimental limit from collider jet production, also from [24] . The remaining curves are our fit at the 95% and 67% confidence level.
Chiral Top Color
Top color [4] is very similar in the gauge sector to the universal coloron model -above the flavor breaking scale there are two SU(3) gauge groups that break to QCD and a massive color octet of gauge bosons. The SM fermions transform under the weaker ("proto-color group") of the two SU(3) groups except for the left handed top/bottom doublet, ψ L , which transforms under the stronger group. The top color group we consider is therefore chiral as in the see-saw model of [6] . The gauge-boson mixing is as for the universal coloron model. Thus below the flavor breaking scale there are the usual SM gluons plus one extra massive octet with mass
(27) where q are any chiral SM quark except the left handed top/bottom multiplet. The critical coupling again corresponds to cot 2 θ = 26.2.
The chiral top color model provides universal shifts to the Z couplings of all the quarks, excepting the top/bottom left handed doublet, of the form
The left handed bottom quark's Z couplings receives the correction (1)
The contribution to the T parameter in the model is
The model has no Z ′ that mixes with the Z. The result of performing the fit to the EW precision data is shown in Fig 5 and the 95% confidence limit is relatively low (1.3 TeV at critical coupling). 
Chiral Quark Family Symmetry
The gauging of the chiral family symmetry of the left handed quarks has been motivated in technicolor [9] , top condensate [5] and flavor universal see saw models [7] . The minimal representative model has a gauged SU(3) family symmetry, in addition to the SM interactions, acting on the three left handed quark doublets
where i is a QCD index which commutes with the family symmetry. Note that gauging this symmetry leaves the SM U(3)
5 global symmetry responsible for the GIM mechanism [8] unbroken and the model is free of tree level FCNC [9] . The additional terms in the lagrangian are
where T a are the generators of SU(3) corresponding to the three families. We assume that some massive sector induces a vev for an effective higgs that completely breaks the SU(3) family group giving the gauge bosons masses of order M F = g F V where V is the mass scale associated with the symmetry breaking. There is no mixing with the SM gauge group.
If we assume that at low energies the massive gauge boson may be approximated by a NJL model with coupling 4πκ/2!M 2 F (κ = g 2 F /4π), then the critical coupling for chiral symmetry breaking in that approximation is
The chiral quark familons give rise to universal corrections to all the left handed SM quark Z couplings (1). The only subtlety is including the top mass for isospin +1/2 quarks.
The contribution to the T parameter in the model is (5)
The result of the fit to EW data is shown in Fig 6. At critical coupling the 95% confidence level bound is approximately 2 TeV. 
SU(9) Chiral Quark Flavor Symmetry
We next consider a natural extension of the ideas of gauging the quark family symmetry and chiral color symmetry. That is to gauge the full SU(9) symmetry of both the color and family multiplicity of the left handed quarks. Such a symmetry can be implemented as an extended technicolor gauge symmetry (in the spirit of [13] ) or in quark universal seesaw models (as in [7] ). Again the SM GIM is preserved [13] The SU(9) symmetry commutes with the standard weak SU(2) gauge group and acts on the left handed quarks
with r, g, b the three QCD colors, as
with Λ a the generators of SU(9) which include
where 
The model must also contain the usual interactions of the right handed quarks and leptons. These are included by a proto-color group that acts on the right handed quarks. We normalize the proto-color gauge bosons' couplings such that they have the same generators as the SU (9) bosons.
The model must also include the usual SM hypercharge gauge boson.
At the flavor breaking scale we assume an effective higgs, that transforms as a (9,9) under the SU(9) L × SU(9) R chiral flavor symmetry, acquires a vev breaking the gauge symmetry to a single SU(3) that becomes QCD. The majority of the SU(9) gauge bosons have mass M F = g F V . Eight of the SU (9) generators mix with the right handed proto-color group. They correspond to the first generators in (38) which look like the usual QCD interactions of the left handed quarks.
The proto-gluons and flavorons mix through the mass matrix
which implies that κ F ≥ 3α s (2 TeV).
Thus the SM fermions' interactions with the massive color octet (with mass
If we assume that at low energies the massive gauge bosons may be approximated by a NJL model with coupling 4πκ/M 2 F (we ignore the effects of the mixing of eight of the generators with proto-color in this estimate which yields corrections of order g cp /g F )) then the critical coupling for chiral symmetry breaking in that approximation is
We may now calculate the deviations in low energy parameters in the SU(9) flavoron theory. The fermion Z vertices are corrected to (1) 
where we have neglected the difference between M F and M F ′ in the logarithms.
Again there is no mixing with the Z boson.
The results of the fit to the electroweak data are displayed in Fig 7 and the 95% confidence level limit on the model at its critical coupling is a little below 2 TeV. 
SU(12) Chiral Flavor Symmetry
The final model we consider is one in which we gauge the full SU (12) flavor symmetry of all the left handed SM fermion doublets [13, 7] 
The flavor gauge interactions act as
with Λ a the generators of SU (12), which may be conveniently broken down into the following
where P a are the fifteen 4x4 Pati-Salam generators consisting of eight 3x3 blocks that correspond to the QCD generators, six step operators between the quarks and leptons and the diagonal generator 1/ √ 24 diag (1, 1, 1, −3) . SU(12) further contains
plus the two other similar sets mixing the remaining families. Finally there are two diagonal generators
To ensure the SM gauge groups emerge at low energies, we must again introduce a protocolor group as in the SU(9) model above. The first 8 generators of SU (12) in (56) are the same as those in the SU(9) model (38) and, hence, the discussion of the mixing between the proto-color and the 8 SU (12) gauge bosons follows the discussion in the SU(9) model exactly.
In the SU(12) model, though, we must also include a proto-hypercolor gauge boson. The Pati-Salam diagonal generator in the first set of generators in (56) is the traditional generator for the hypercharge boson's coupling to left handed fermions. The proto-hypercharge gauge boson therefore only couples to the right handed fermions. We write the couplings in each case in terms of the standard normalized hypercharges (Q = T 3 + Y ) and with the indicated normalizations of the couplings
where Y L and Y R are the left and right handed hypercharges (Y L + Y R = Y ). At the flavor breaking scale the two gauge bosons mix through the mass matrix
which diagonalizes to
Here Y µ is the ordinary hypercharge gauge boson.
The low energy hypercharge coupling, with the standard normalization of hypercharges is given by
and κ F ≥ α Y (2 TeV)/2 which is a lesser constraint than the constraint from obtaining the correct low energy QCD coupling discussed above.
The massive eigenstate has mass g 2 F + g 2 yp V = M F /c ω and couples to the SM fermions as
where we have used the familiar SM result g Y = e/c θ .
If we assume that at low energies the massive gauge boson may be approximated by a NJL model with coupling 4πκ/2!M 2 F then the critical coupling for chiral symmetry breaking in that approximation is
Note that combined with the lower bound from the ability to reproduce the QCD coupling (κ F ≥ 3α s (2 TeV) ≃ 0.3) there is a relatively small window of allowed couplings.
The chiral SU(12) flavoron gives rise to more complicated expressions for the shifts to the Z couplings because it mixes quarks and leptons. The shifts generated by flavoron exchange across the vertices, given by (1), are
The contribution to the T parameter from the diagram in Fig 2 in the model is, from (5)
Finally we must also include the effects from the mixing between the proto-hypercolor group and the diagonal Pati-Salam generator. We must make some assumption about the structure of the EW breaking sector; we assume that EWS is broken by the equal vevs of a set of fields satisfying Y L = 0 as would be the case if condensates of all the SM fermions were responsible for the breaking (as in the model of [7] ). Writing the standard model Z mass as
where T 3 T 3 is the expectation value of the EWS breaking operator coupling to the T 3 currents, the mass mixing between the Z and the Z ′ gauge bosons is given by
where we have used the coupling in (65), the assumption Y L = 0, and QT 3 = 0. The resulting shifts in Z couplings are given by
and the contribution to T is
The result of the fit to the EW data is displayed in Fig 8 and 
Robustness of Bounds
In this section we address the robustness of the bounds to a number of factors. We will discuss how the fit changes as the higgs mass varies and how strongly the fits depend on the bottom quark asymmetries and left right asymmetry measurement from SLD. Finally the possible influence on the bounds from the presence of additional new physics is investigated using the example of the SM fermions mixing with heavy EW singlet fermions.
Variation in the Higgs Mass
The fits so far performed have assumed a higgs with a mass of 100 GeV. It is interesting to study the robustness of the limits to changes in the higgs mass. In fact in many of the dynamical models of EWS breaking we have used to motivate the existence of flavorons, the higgs is expected to be somewhat heavier; typically in flavor universal see-saw models [7] the higgs mass is expected to be of order 400 GeV. In the SM such a mass would be excluded but with the additional flavoron physics it is potentially allowed. It is worth noting that the 230 GeV upper bound on the higgs mass in the standard model is largely the result of the SLD measurement of the left right asymmetry. Removing that piece of data raises the limit to of order 400 GeV. The influence of the SLD data on the flavoron bounds, however, is small. This can be seen in Fig 9 where the limit on the universal coloron model is shown if the pull of the data from the fit was zero. The universal (and chiral top) coloron models have larger contributions to the T parameter which lead to these models' preferring a heavy higgs (which gives negative contributions to T). The dependence on the higgs mass is shown in Fig 11 for the universal coloron model. If the higgs is light then the limits on the colorons rise. For higgs masses above 200 GeV the limits are relatively insensitive. Note that it is possible in these models for the higgs mass to lie above the SM 95% exclusion limit -indeed, the upper higgs bound can be increased to 650 GeV (or well over 1 TeV if the SLD data point is removed from the fit). Larger higgs masses are only allowed in the presence of extra gauge bosons and there is also a lower bound on the coupling of the flavoron at these high higgs mass values. As an example in Fig 12 we show the 95% exclusion curve for a 400 GeV higgs. 
Flavorons and Fermion Mixing
As an example of the role that extra new physics can play in changing the bounds on flavorons, in this section we include the possibility of the SM fermions mixing with massive electroweak singlet states. Fermion mixing is an integral part of the top [6] and flavor universal [7] see-saw models. In these models EW symmetry is broken by a condensate between the left handed SM fermions and massive, singlet Dirac fermions with the quantum numbers of the right handed SM fermions. Although these models have a decoupling limit, in which the mass of the EW singlet fermions may be taken arbitrarily high, for the dynamics that breaks EW symmetry to involve the singlets we require that they are not more massive than the flavor gauge bosons. To include these effects we assume that all the SM fermions mix with singlets (one pair for each type of massive standard model fermion) with masses M F . We assume that the mass mixing term is the same for all the SM fermions and display the results of a fit to the EW data for mass mixings, M mix , between 50 GeV and 150 GeV. We treat the mixing in perturbation theory through the graph in Fig 14 so the shifts to the SM fermion Z vertices are
since M F ≫ M mix .
In Fig 15 we display the results of the fit to the precision data 3 for the chiral, quark familon symmetry model. The fermion mixing gives rise to a sharp cut off in M F where the shifts in the vertices from the mixing alone saturate the experimental bounds. Above that scale the constraints on the flavorons are in fact reduced slightly because the mixing vertex corrections (81) have the opposite sign to those of the flavoron corrections (1) . As the mixing mass rises to 200 GeV the bound from the mixing dominates. The behavior of the familon model is indicative of the effect in the other models where the effect is also small. 
Conclusions
Gauged flavor symmetries at low energies have been proposed in models of dynamical electroweak symmetry breaking and fermion mass generation. These massive flavor gauge bosons give rise to corrections to precisely measured electroweak quantities. We have performed fits to the Z-pole electroweak data and placed indirect limits on such new physics. In particular we studied several models from the literature: the universal coloron; chiral top color; chiral quark family symmetry; SU(9) and SU(12) chiral flavor symmetry. The 95% confidence limits on the mass of the heavy gauge bosons for these models, at their critical coupling for chiral symmetry breaking, typically lie between 1 and 3 TeV. These limits are more or less insensitive to changes in the higgs mass, the b quark asymmetry data and the inclusion of universal fermion mixing with heavy EW singlets. The precision limits are sufficiently low that direct searches at the Tevatron would be expected to be competitive or stronger. Of the models we have studied only the universal coloron's direct search limits have been computed to this point [24] and as we have seen the direct search limits are superior. We will explore the direct search limits in a later paper.
